Event-based data transfer through Wireless Body Sensor Networks (WBSN) for monitoring the health of the elderly has so far not been successfully implemented due to limitations arising forms unreliable data, end-to-end delay during data transmission and the high energy consumption by sensors. This paper aims to improve reliability and latency and to reduce energy consumption by sensors during data transmission in WSBN. The proposed system consists of an Enhanced Reliability, Energy-Efficient and Latency (EREEAL) algorithm to reduce data losses and end-to-end delay as well as improve the transmission reliability in WBSN by sending the sensor data during different time slots using Time Division Multiple Access (TDMA) analysis and by minimizing redundant sensitive data. The result shows that the new algorithm improves reliability to 98% over the data bits generated within 8 $ 12 min and reduces latency to 0.635 compared to 0.875 ms in the 'state of the art' system. Furthermore, the reduction in latency leads to lower power consumption by sensors, reduced to 315.638*10 3JS/bits during patient data transmission using a tele-monitoring process. The proposed system concentrates on reducing interference with data between sensors and focuses on minimizing data loss during transmission. Thus, this study provides an acceptable range of reliability with reduced delay and lower power consumption due to which doctors at a remote site can obtain reliable data value for smooth monitoring.
Introduction
Health monitoring for the elderly has been a major concern in most countries. In the past, elderly people were taken into nursing homes or hospitals to provide treatment and basic health care solutions and for health treatment [1] . However, it is often challenging to provide such health care because of high expenditure and due to the impact on quality of life. According to Nakrem et al. [2] , there is also less focus on health condition of elderly people in such institutions. Emergency treatment in critical situations can often not be provided [1] . Such problems can be overcome with the aid of the latest technology in Tele-monitoring which allows health continuous monitoring in private homes using wearable devices as shown in Fig. 1b . With this latest technology, the elderly remain in their homes rather than relocating to costly aged care or nursing homes. In this health monitoring process, the health status is captured through event-based monitoring by comparing the health data obtained from wearable sensors in each data transmission cycle with the data from the previous cycle. This is monitored in real time by a health professional at a remote facility - Fig. 1c . Hence, the elderly people can stay in their homes in a secure environment with their family without health concerns.
Tele-monitoring using event-based data transfer provides a sophisticated method of data transmission within WSBN in real time constituting a significant advantage for the medical field and for the elderly [3] . But, the transmission of reliable and realtime data in this tele-monitoring technique is still the subject of research due to limitations created by data interference between sensors, data loss and due to the transmission of redundant data.
Research is being carried out to overcome these issues. However, https://doi.org/10.1016/j.eij.2019.11.004 1110-8665/Ó 2019 Production and hosting by Elsevier B.V. on behalf of Faculty of Computers and Information, Cairo University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). the maximum outcome for reliability is currently 98% measured over 8-12 min. Latency in our proposed solution is 0.635 compared to 0.875 ms in the 'state of the art' system during data transmission [3] . Lack of reliability and an increased end to end delay can lead to the health monitoring failure. The purpose of this paper is to reliability, reduce end to end delay and save energy during patients data transmission within WBSN. The current Iterative bit calculation algorithm at the sensors has a problem when the sensor sends redundant data during data transmission [3] . This work proposes an Enhanced Reliability, Energy Efficiency and Latency (EREEAL) algorithm to reduce redundancy, data loss, and interference with sensors during data transmission in WBSN, thus reducing sensor energy consumption.
Literature review

Field of research and research organization
This research focuses on data transmission issues during Telemonitoring of the Elderly using WBSN. Different data transmission techniques and models are analysed for delivering sensor data with minimum latency, low energy consumption and with high reliability. Initially, this research identifies WBSN problems during tele-monitoring. This is followed by an analysis of algorithms, techniques, and frameworks from related research. Then, the best current solution for data transmission in WBSN is analysed and enhanced to overcome limitations. Mathematical and theoretical justifications for the proposed modifications are provided. Finally, the proposed solution is simulated to check health data transmitted within WBSN as part of an event-based scheme. These simulation processes are then analysed in terms of reliability, latency and energy consumption.
Network latency in tele-monitoring
Calhan et al. [4] and Li [5] investigated data transmission in WBSN in terms of throughput and end to end delay. They provided a solution to the problem of delay by using an M/G/1 queue model. They reduced delay of only 0.4 s for emergency data and 0.7 s for general patient data. This is an improvement in delay over 0.5 s for emergency data and 11 s for normal data [5] . However, an analysis on Bandwidth utilization, congestion and data collision was not carried out with this solution, which would have brought a reduction in network traffic and reduced end-to-end delay Nevertheless, this paper provides a solution for the end-to-end delay from sensor node at the local site to cloud at a remote site, so it is useful to the current project. End-to-End delay was also the main concern of Sahoo et al. [6] and Ma et al. [7] who reduced the packet drop rate, delay, and collisions in WBSN by using a Markov chain model. After the simulation, the overall system result is 0.056 s delay during transmission. This is an improvement over 0.059 s by considering hidden terminals like WIFI and ZigBee but does not provide the alternative backup path for packets that were interfered with or collided [7] . This paper focuses on improving end to end delay in WBSN, so it may be useful for the current project. Furthermore, the issue of delay during data transmission in WBSN was also solved by Alfa et al. [8] focused on data transmission beyond Wireless body area networks. This was achieved by means of an incentive compatible technique by scheduling the transmission in electronic health networks so that they obtain 0.03 s delay sensitive medical packets (Queue Model). This is an improvement over the packet with 0.06 s waiting time for medical data and provides a guaranteed high service priority during emergencies conditions, but it fails to decrease the complexity of the network during network recoveries. This paper provides significant benefit to our proposed solution but cannot be considered as it causes complexity in the WBSN.
Network reliability in tele-monitoring
Yaakov et al. [9] and Chen et al. [10] introduced a system to curb congestion, which occurs due to the simultaneous flow of data transmission. They presented a solution to the issue using a Relaxation Theory -Max-Min Fairness (RT -MMF) Progressive filling algorithm, which achieves quality of service (QoS) in WSN, leading to a data throughput of about 900 bps. Whilst this is an improvement over the data throughput of 20 bps measured using a CM-RT technique [10] , this system does not deal with contention control, as the transmission of data within a shared medium is important for minimizing the network traffic. Finally, this technique is used in the current solution for providing reliable transmission. Reliability was also the main concern of Lee et al. [11] and Cheng et al. [12] who presented a WBSN system that addresses the issue of interference in inter -WBAN (Wireless Body Area Network). They offered a solution to the issue using an Interference-Aware Traffic-Priority Based Link Scheduling (ITLS) technique. This provided better throughput and reduced delay by minimizing the interference within WBSN. After simulation of ITLS, the high-priority sensors could access the channel without any interference as well as maintain better throughput during data transmission when compared to WBAN with high interference in data [12] . However, the addition of multiple sensors with high-priority data in WBSN did not provide better spatial reuse of sensor data causing long waits before transmission for high-priority data. Nevertheless, this solution provided better reliability by mitigating interference, so it has been highly significant for the current project. Similarly, Gao et al. [13] improved reliability within WBSN together with Zhao et al. [14] . They provided a Link quality aware channel allocation (LACA) technique for identifying the links with high priority and deadlines due to which the quality of links and congestion during data transmission in WSN was improved. This technique provides also an effective method of channel allocation for faulty links and offers an estimated link quality for all the links, which provides 20% improvement in the data delivery ratio when compared with the RTCS technique [14] . However, the movement of body sensor nodes was not considered by this system due to which the entire network and link quality might be changed. This Solution focuses on link quality and transmission of reliable data in WSN, so it is of high importance to the current project.
2.4. The state of the art Fig. 2 presents the all techniques and methods used in Tiwari's system [3] . The important features of the 'state of the art' solution are shown in Blue, whereas the limitations are shown in red ( Fig. 2 ). This model describes an event-based system of data transfer in Wireless Body Sensor Networks (WBSN). This data is transferred from multiple sensors in WBSN and sent to the medical professional through a gateway device (coordinator). This model can increase reliability and reduce end-to-end delay during data transmission in WBSN. This model consists of two main stages, which are data transmission from a sensor at a local site and to a gateway device (Coordinator) and data transmission from a gateway device to a medical professional at a remote site. Fig. 3 shows the logical flow of the state of art.
Data Transmission from Sensor at a Local Site to a Coordinator: In this stage, data transmission is Event Based. The sensors at the local site during Event-based data transmission, measure health data such as heart rate, and blood pressure from patients at regular intervals in different data transmission cycles. These data values are compared with the values in the previous cycle and are sent to the gateway device. If the sensors find any change in the data values, they send 10 bits of data frames to the gateway device; otherwise they send only the 1 bit to the gateway device ( Fig. 2 ). This change of data using the event-based scheme reduces redundant bits during data transmission to the coordinator, which in turn increases the overall reliability of the system. However, this solution has limitations in terms of data interference and data loss. During data transmission in WBSN, the data from multiple sensors may collide. This data collision occurs due to the transmission of high-traffic data from multiple sensors over the WBSN at the same time resulting in the collection of a large number of data by the coordinator which causes data interference on the sensor side. Similarly, the issue with data loss is also a main concern with the state of the art solution. Due to the data interference within WBSN, large numbers of data from a sensor are not sent to the cloud. So, minimizing the interference will make this current solution more reliable.
Data Transmission from a Coordinator Device to a Medical Professional at a Remote Site: In this stage, the data received by the coordinator from an event-based system at the local site are further analysed and are sent to the doctor at the remote site through the cloud (Fig. 2 ). The coordinator for the state of art solution acts as a mediator between the local and the remote site. At the remote site, the coordinator sends the received data to the cloud on the basis of priority. This means that the sensor data which is received first by the coordinator are sent first to the cloud. The data received by the cloud can then be viewed by the remote medical professional through a using web browser. Thus, end to end delay is reduced during data transmission from the coordinator to the end user. However, this 'state of the art' solution at the remote site has some limitation in terms of latency and power consumption. The continuous transmission of redundant data within WBSN Fig. 2 . The workflow of the health data transmission using Event based approach from sensor at source to a doctor at remote site within WBSN (Tiwari, 2017) Fig. 3 [3] . [Blue color refer to the good features of the system, and red color refer to the limitations of it]. Table 1 shows the psedo code of the state of art solution. Table 2 presents the abbreviation of state of art equations.
Table 1
State of Art Algorithm (Event Based Data Transmission Algorithm).
Algorithm: Event Based Data Transfer Algorithm Input: Emergency data, on demand data, Normal data generated by each sensor Output: total number of data received at cloud from each sensor.
BEGIN
Step 1: Manually Choose the data for Emergency data sensor, On demand data sensor, normal data sensor Step 2: Perform Event based Calculation by calculating the current value with previous values for all the sensors.
Step 3: check for the values received by each sensor
If data values changes, get the data bits 'B' generated by each sensor, go to step (5) Else, Send only 1 bits
Step 5: collect the generated bits at the gateway device from both changed 'G c ' and unchanged 'G uc ' sensors group.
Step 6: obtain the data loss' L' using equation (2) Step 7: Calculate the total bits generated at the cloud, using equation (1) END Table 2 Abbreviation used for state of art algorithm (Event-Based data transfer algorithm).
L Loss of overall system during data transmission L C
Losses while sending data to cloud L E Losses from external sources such as WIFI, Bluetooth
(2) the data loss occurs during data transmission from sensor to gateway device R T Reliability
Reliability of WBSN can be obtained by transmitting both changed data and unchanged data from source site to remote site, using Eq. (1) and (2) Bits received by the gateway device for unchanged data value L 0 Latency
Eq. (5) the ''latency" for overall system is calculated by considering a time taken 't ¼ B=R' to transmit both changed and unchanged bits from source site to remote site, using Eq. (1) and ( consumes significant amounts of energy by sensors. Furthermore, this continuous transmission causes data interference, which leads to delay in the overall system. These problems can be overcome by minimizing the reductant data bits during transmission over WBSN. The state of art solution of event-based data transfer minimizes end to end delay and provides reliable data transfer compared to that of traditional periodic or priority-based data transfer. Similarly, the number of bits data was minimized with the implementation of this model when sending them from local to remote site. However, this solution still causes data loss during transmission of data over WBSN due to the interference of multiple sensors due to the transfer of unused or redundant bits to the remote site. Minimizing this problem, would lead to an improvement in the reliability, interference and latency in WBSN. Therefore, it can be concluded that the current solution, though it has great benefits in WSBN has some limits when it comes to power consumption, processing time and reliability. Thus, these have been improved in the proposed solution.
The total number of bits transmitted from sensor to the cloud (Bc) for both changed and unchanged sensor groups is given in Eq. (1) [3] 
Where, S gc ¼Bits received by the gateway device for changed data value S guc = Bits received by the gateway device for unchanged data value.
B C = Total data bits transmitted to the cloud. G c = Sensor group with changed data bits G uc = Sensor group with unchanged data bits i = no. of sensors g = gateway device uc = unchanged c = changed
The proposed system
Tele-monitoring using Wireless Body Sensor Networks (WBSN) during an event-based data transfer is a very important approach to measure the health of the elderly. This allows for the elderly to be regularly monitored by a doctor located in a remote medical facility. But the reliability of networks, end to end delay, power consumption, and interference among multiple sensors has always been a challenge. The use of traditional methods such as, periodic and priority-based data-transfer has provided sophisticated data transmission schemes for small WBSN. However, these methods failed in terms of end-to-end delay, latency, and reliability when data were transmitted over large networks. Similarly, the data interference caused by multiple sensors and the transmission of reductant or unused bits were also a major limitation with this traditional method. Now, Tiwari's system [3] of Event-Based Data transfer within WBSN has made a significant contribution to data transmission over large networks. This solution provides adequate management of multiple sensors in WBSN by sending the sensor data on an event-based basis. Further improvements were, however, required in terms on processing time, reliability and reduction of complexity. This was achieved through the introduction of Calhan's system [4] which minimized the problem of interference caused by multiple sensors in WBSN. Additionally, the transmission of sensor data based on threshold value and power saving during data transmission has also brought some benefit in overcoming the problem that were inherent in Tiwari's system. Calhan's system [4] minimizes data interference caused by multiple sensors in the 'start of the art' solution using a Time Division Multiple Access (TDMA) Technique. With the introduction of TDMA analysis, the health data of patients generated from multiple sensors are sent in time slots. In this process, the total bandwidth is divided into an equal number of different time slots. Therefore, the sensor data with higher priority are sent in the first-time slot, followed by other priority sensor data. Our proposed solution consists of cloud-based health data transmission technology, called Tele-monitoring within WBSN. Fig. 4 presents the process steps of sate of art solution. Fig. 5 shows the logical flow of our proposed solution. Table 3 presents the abbriviations of proposed solution equations.
Local Patient Site for Tele-monitoring of Health Data: In this process, the data is transferred from a sensor at the local site to the coordinator device by means of a TDMA analysis and by performing threshold calculation. During this process, the sensor nodes in WBSN always check on the priority level of sensors and compare the generated value with the threshold value.
These sensors are assigned separate slots depending upon their priority. Event-based calculations are carried out for each sensor at the local site, and the value calculated from the even based system is further compared to the threshold value ( Fig. 4 ). In this case, if the data value generated at sensor level at the local site exceeds the threshold value, the data are directly sent to the gateway device and the doctor on the remote site receives the same data values. On the other hand, if the data value generated at sensor level is below the threshold, then none of the data are sent to the remote site (see Fig. 5 ).
Remote Doctor's Site for Tele-monitoring of Health Data: In this process, the data value received from the gateway device is further transmitted to the cloud. After that, cloud data is received by the doctor through a web or mobile application. However, the health information of the elderly is received by the doctor only when the data values of the sensor at the local site have changed or only the health data values above the threshold are sent. Data are not transmitted to the doctor if the sensors generate unchanged or redundant values when compared to values in the previous cycle. These redundant values or unchanged health data values are not required by doctors at the remote end, as unchanged health data signify that there has been no change on the patient's health. However, during the process, if data from sensors are not sent, sensors automatically go to sleep mode to save energy until changed values are received (see Figs. 6-8). 
Proposed equation
The proposed solution provides methods for sending less data bits to the remote site by comparing the current values with the Threshold. On the other hand, the data bits from the sensor are not sent to the remote site, whenever the data values from a sensor are not changing or are redundant.
The Enhanced proposed equation to transmit total data bits to cloud and to determine the reliability and latency of the system are given by Eq. (6),
Where, EB C = Enhanced total data bits transmitted to the cloud G c = Sensor group with changed data bits S gc = Bits received by the gateway device for changed data value P n = time taken packet in each time slot S s = Data bits generated at each sensor i = no. of sensors gc = gateway device with changed bits R = Data bit rate S bits = Data bits of changed sensor group T prio = Time taken by the sensor to calculate the priority slot
The calculation of priority (T prio ) is only performed at the sensor at local site, which consume minimum time during data transmission and send the data bits on the basis of priority, which is given in Eq. (7) [4] Similarly, after assigning the priority, it is important to send the data bits on their own time slots which is given by Eq. (8) [4] 
Where, B s = Total number of bits transmitted to cloud P n = time taken packet in each time slot. S s = Data bits generated at each sensor node
The threshold is obtained by calculating 'd' in every new cycle or when new values are generated from the sensors, by comparing the previous value with current value, which is given in Eq. (9)
Where, d th = Threshold value. P v = Previous measurement data value C v = Current measurement data value Now, The changed data bit generated from a sensor is sent to cloud, but unchanged data or data value less than threshold values are not sent to cloud and the system undergoes power saving mode, which is given by Proposed Energy saving Eq. (10) 
Where V is voltage, I(tx) is transmitter current, I(rx) is receiver current I(sleep)p is sleep current T(tx) is transmission time T(rx) is the reception time E AS = Energy after saving power of Radio module
Area of improvement
Improvements have been brought about in terms of end-to-end delay and reliability. The additional features include an interference control system and an energy-saving method. The end-toend delay can be overcome and reliability improved by minimizing the number of bits from the local site to the remote site during data transmission. In this process, only the bits with emergency data are sent, while the unused or redundant data generated in the sensor in the local site are blocked. Power saving is equally important in this proposed solution. This can be done by sending the RF model of the sensor at the local site to sleep mode, whenever it is not necessary to send data. Hence, in this proposed solution, the health data from a patient are sent from a sensor to the cloud only when the sensor data are higher than the threshold value or when the data generated by sensors is not repetitive. Unchanged or redun-dant rata at sensor node at the local site is not sent. Thus, during this period the sensor is in power-saving mode at the local site. Overall, the contribution of the proposed solution includes an energy-saving mechanism during data transfer from a sensor at the local site to a doctor at the remote site. This is done by sending the RF module of each sensor to the sleep or wake mode. Due to this, the sensors (Heat sensors. Temperature sensor, Glucose sensor) save their power and provide long battery life. Similarly, the chances of device failure during data transmission will also be minimized, which in turn provides secure monitoring. The main contribution of this proposed solution consists of sending the data in an event-based system by minimizing the interference between multiple sensors at the local site due to which the overall system reliability can be improved, while the processing time of the system is also minimized. The proposed system is the solution for Eventbased data transfer within WBSN in Tiwari's system. This system improves reliability, processing time and reduces interference and power consumption of sensors. In this method, first the data from all sensors (Emergency, on demand, and normal) at the local site are sent in their own time slot using TDMA analysis as in the equation below. Then the data values generated at sensors are compared to the threshold value to minimize interference, improve reliability and reduce latency. Hence, the proposed system involves the transmission of health data only when the data values in the sensor are changing. However, the unchanged and redundant data values generated by the sensors are not sent, and the sensors go to sleep mode until changes occur.
Why threshold calculation and TDMA analysis?
The 'state of the art' solution has limitation because of the presence of multiple sensors at the local site. This causes interference during data transmission from multiple sensors at the local site to the cloud at the remote site. TDMA analysis, during Eventbased systems minimizes interference between the multiple sensors. Furthermore, there was also some improvement in reliability and processing time in the proposed solution, which was the major limitation of the state of art solution. Similarly, in the proposed system, the asset value generated at the sensors at the local site is compared to the Threshold value. This improves the overall system reliability and minimizes processing time. In this process, first data from multiple sensors at the local site are assigned to their own time slot, with the first slot assigned to high-priority sensors followed by other lower priority sensors. Event-based calculations are done for each sensor, where these data are sent in their own time slot. Similarly, the value calculated from the even based sys- tem is further compared to the threshold value. In this case if the value exceeds the threshold value, the data are directly sent from a sensor at the local site to the gateway and is further transmitted to the cloud at the remote site. On the other hand, if the value is below the threshold, the data obtained from the sensors are not sent because it consumes more time, more Bandwidth and adds to the complexity of the network. Hence, in cases where data is not sent, the Energy-saving mode can be activated. This system minimizes the limitations caused by the state of art solution, where lots of bits were transmitted to the cloud, both during generation of changed values or unchanged values from sensors. Similarly, the main problem of interference due to multiple sensors in large networks was also minimized by this proposed solution. The Energy saving is a major factor in this proposed solution where the power of the sensors is very important in this study.
Results
Matlab R2018a was used in the implementation and simulation of a model using samples of sensors data measuring the health of elderly people of different age groups. These health data are generated from three sensors, namely heart, blood pressure and temperature sensors. The health data from the sensors was captured within different time frames from 8 to 12 min and was converted into bits, depending upon the analog and digital sensors used. For this, samples of 10 bits and 8 bits per data were considered in the data obtained from an analog and digital sensors respectively. Similarly, we have also taken a comprehensive sample including different ages and across gender. Three groups have considered for different ages that include 45 $ 55, 56 $ 65, and +65 ages. Three samples have taken for each group to be tested. Three stages for each sample have considered and tested. They includes patient at rest, working, and stressful stages. The health data obtained from these three sensors were taken from free online resources -freely available websites for medical students. The emergency data bits were extracted using Matlab, and all were simulated using Simulink. Furthermore, the samples of patients, during rest, working and in stress stages were taken, where the transmission of health data was measured based on 'events' and threshold, which is shown Tables 6, 7 and 8.
The results were compared in terms of latency, energy consumption and reliability of the health data generated from the sensors at the local site to the doctor at the remote site as in Table 5 . Here, the sensors captured the health data from the elderly by using threshold calculations and performing TDMA analysis sent to the coordinator. The data received by the coordinator was then transmitted to the cloud. Finally, data for the cloud was received by the doctor using a web application or web browser. This provides the most efficient health monitoring care for the elderly in their home.
Samples were collected from the various age groups from males and females who were suffering from heart disease, high blood pressure, and high body temperature. Sample data for heart rate, blood pressure, and temperature, collected from online resources were used in the algorithm simulated in Matlab. Samples compared the state of the art solution and the proposed solution based on Latency, Energy consumption and Reliability. This comparison was done with the help of the data reports and graphs that are shown below. The data results generated from the heart rate, blood pressure, and temperature sensors are shown in Tables 4, 6, 7 and 8. All samples obtained in the tables contain the results from the health of the elderly based on various age groups and gender. The result was divided according to the various activities done by the elderly to measure the impact of data transmission on latency, energy consumption and reliability in case of rest, working and under stress. Here the results from the samples are represented in terms of latency, energy consumption, and reliability. 18 tests were conducted total with three test iterations for both males and females for three age groups and each iteration has three cases -rest, work and under stress. The results of Latency, Energy consumption and Reliability have been calculated by measuring the average result of each test case. Finally, the result has been calculated by taking the average of all cases in every iteration.
The proposed solution has improved the Latency of the WBSN system by reducing the number of bits/seconds during transmission of sensor data, which in turn minimized the energy consumption of sensors. Similarly, the reliability also improved by minimizing the loss and interference during data transmission from multiple sensors. This overall process was done in real time (health data transmission from source to the remote site), which Table 4 Proposed Algorithm (Event Based Data Transfer Algorithm without Interface).
Algorithm: Event Based Data Transfer Algorithm Input: Emergency data, on demand data, Normal data generated by each sensor Output: total number of data received at cloud from each sensor without interference and without sending the bits for changed data value.
BEGIN
Step 1: Manually Choose the data for Emergency data sensor, On demand data sensor, normal data sensor
Step 2: In case of there is no own slot, Perform TDMA analysis, and sending the Sensors with their data based on their priority using equation (3) Step 3: In case of there is own slot, Calculate the value of delta (d) by using equation (4) Send, the bits of data directly to the coordinator after generated at the sensor. Else Go To step 6.
Step 6: Then the RF module wake up to send the data Step 7: calculate the 'ML' to find the losses during data transmission using equation (2) Step 8: calculate the value received at the cloud, EB C , sending only the changed data bits using equation (6) END will provide medical staff with an effective environment for telemonitoring health conditions of the elderly in their homes.
Discussion
The results show the difference in latency, energy consumption, and reliability between the current and proposed solution with respect to health data captured from the elderly when they are at rest, working and in situations of stress. The proposed algorithm improves reliability to 98 $ 96% during transmissions of health data from the source site to a remote site, which was calculated based on three stages -rest, working and under stress. Along with the increase in iterations for various age groups, the latency of the overall system was improved to 0.635 $ 0. 875 ms. Furthermore, with the decrease in a the number of bits, the energy consumption of sensors decreased to 315.638*10 3JS/bits $ 419.126*10 3JS/bits. Latency, energy consumption, and reliability were calculated by simulating the proposed algorithm in Matlab. The Event-based data transmission improved the performance of the system and reduced the number of unwanted or redundant bits during data transmission. The use of the EMC-MAC (energy-efficient Multi Constrained QoS aware Medium Access Control) technique ensured the delivery of emergency or useful data within the minimum available bandwidth. Similarly, Randhawa and Jain's method [15] solved the issues of Power consumption. Calhan's M/G/1 TDMA technique [4] allowed the WBSN system to transmit health data within shorter time periods. Furthermore, the threshold comparison technique for transmitting health data minimized the data loss and interference and made the tele-monitoring process userfriendly, eliminating a number of unwanted bits.
The proposed system has been tested in a Matlab simulator and has shown to reduce the latency and Energy consumption of the overall system while increasing reliability. Along with this, the proposed solution has minimized the data loss and interference among multiple sensors. This helps to reduce the number of bits or eliminate the unwanted bits while transmitting over the WBSN and speed up the transmission and perform high reliability during data transmission in real time network. For these features of the proposed system, health data transmission's risk will be minimize during the tele-monitoring process. The reason of these good features, an event-based data transfer technique compares the generated bits in each cycle with the bits generated in the previous cycle and allows only the changed or useful emergency bits over WBSN network. Then the data are sent from the sensor at the source site to the cloud in their own time slots and is finally received by the doctor at the remote site if changes are significant.
Overall, the got results that we got in our proposed system over the state of art system because of many good features that our proposed system has. Our proposed system consist of multiple number of sensors in sensor node that enable the system to deal with large WBSN compared with the state of art solution. The large number of bits that transmitted to the cloud reduced in our proposed system as it is avoid sending the redundant bits. Our proposed algorithm sends emergency data by comparing the generated sensor value with the threshold value and hence mitigating data loss and interferences among sensors, whilst the state of art sends data on Event based, which compares the generated sensors value with the value in previous cycle. Table 9 presents the comparision between state of art and proposed solutions.
Conclusion
In conclusion, the combination of different techniques has led to the creation of a greatly improved tele-monitoring technique for the elderly people within WBSN. Event-based data transmission improved the performance of the system and reduced the number of unwanted bits during data transmission. The use of eMC-MAC (energy-efficient MultiConstrained QoS aware Medium Access Control) technique ensures the delivery of emergency or useful data within the minimum available bandwidth. Similarly, Randhawa and Jain's method solved the issue of Power consumption. Calhan's M/G/1 TDMA technique allows the WBSN system to transmit health data within less time by prioritizing the data. Although a range of methods is available to create a tele-monitoring technique, which transmits emergency health data of the elderly over WBSN they have so far failed to provide acceptable latency, energy consumption of sensors and reliability during data transmission. These are the major factors that affect the tele-monitoring process in WBSN. This research has explored opportunities for overcoming the limitations of the current best solutions which are only able to produce overall system latency to 0.958 $ 1.197 ms. Similarly, the power consumption of sensors is obtained to be 595.056*10 3JS/ bits during data transmission within WBSN. Furthermore, the reliability thus obtained is 97 $ 95% when data were transmitted from multiple sensors. This justifies the addition of proposed EREEaL algorithm to overcome the limitations in the current best solution. The proposed algorithm has been shown (in Matlab simulation) to minimize the data loss, multiple sensor interferences as well as leading to a reduction of redundant bits while transmitting health data over WBSN. Some solutions have been proposed to address this issue, but, so far nothing has been able to provide fewer latencies, less power consumption of sensors, and high data reliability in an acceptable range. The proposed algorithm demonstrates capabilities to eliminate data loss, interference and reduce redundant bits, which improves the latency of transmitted data bits to doctor to 635 $ 0.875 ms and reliability of 98 $ 96%. Finally, the power consumption by the sensor is reduced to 315.638*10 3JS/ bits. Future research needs to focus on localization and remotely track the elderly people using a tele-monitoring process. This allows monitoring of behaviours and activities, such as walking, standing, lying down, etc. It can be important in emergency situations to continuously track and monitor behaviours. Furthermore, this proposed solution only deals with body sensors which are worn on the body but does not take account of sensors that are implanted in the brain or in any other body part which would be better able to capture internal body workings for more accurate health results.
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